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out n11 1llc hash; t•f csli111atcd free cncrgic~ or fvrnmtiun itnd it is dcur thai here isu 
cusc where mon: cxpt:rinH:nl;t( ww·k i:? rcttl•in.:li. This is pari icul;\rly pertinent in view 
nf I he c:unclusiunllwlllu: ntiiH:ral plumhu,~ummile,l'hAI_,(I'O.,)h(OIIh • I llO, may 
cunlrol lhc. suluhility of lcu!l ·;n ·rlu.: 1111111rul cnvinuuucul wtjcrc pllu~pltulc unc.l . 
uluminium arc hulh present, iuchulilll\ madsitlc cnvironmcnl(<:clltt&uuiuutct.l wi 1 h 
lend hy the burning c1l leaded pclwls. . \ 
. Anuthcr conclusion is cvillcnl from a consiucnaliun uf the C:cwitibriu.m·constnnt 
vnluc:; fur (II. I) will; rcspcc:l to pyrumurphitc und lllil!lclitc .. \!Vi.thin expl!rimcntul 
crrur, rhc ~oluhilitic:; of the two ruincnils i&l'e the same. Thus it\ wuuld he ex peel ell 
thulthc twu mincrals.wmrlll exhibit sulill solution clwnactcdstic~, :cspcciully in view 
o( the htct !hall he POJ .. ;~nd AsQ1- i~ms.havc the sanae <;ha~gc.;nt>uu.t the surnc :;izc 
(2JH ami 2•1Hpm, rcspct:llvcly) illlll vutuully the sumc l'OIIJUgaiC ncsd1pK,. vnlucs. 
Indeed, solid solution phcuomcm• bctwi:cnlhc two cnd·mcmll\cr:; h11vc.: long been 
npprcciatctllll. and cxlciHI to other mcmhcrs of the group of nlirtcruls which huvc 
comparnulc sloichiornctrics, such u:; chlompymnlnrphilc, Cu~( I'~~)..CI, und vnnud.i· 
nile, llh~(V0.1 ),~CI. · ! · . 
lrt mdcr to illustr:rlc this phcr111mcnun. it is necessary to res,tule the 'condilions 
which need lo he cxamiucd. Distribution cncfticicnls nrc c:;pccinl
1
ly impnrlnnt iu.this. 
regard.' With rcspccl to the pymmmphitc-Jilintclile solid sulu.liun we llli'Y write 
equation ( 11.5), dl~rivcd frnm (II. I), where /\'is 1\ 11•1 (II. I ),N, is the mole rructinn 
of the l'omponcut in the solid solut.iun illlll y, is its nclivity tucrticfcnl. 
: <''( ' )J<"( . ) I11.1PO.;·IN ... ;..,Y,,... {II") 
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. . (ll,zAs04 JN1,y11,y1,Y"' 
.. t ••• "'=·:...,.,,1.,.l\ ~~!~JJ!!,itic:!!!]c~n i~llru<luccd here i~ ~hui Cur uny iunic slrcnglh, ll~c nclivily cocfli· 1 t:Jcnls ufiitc t r~·t•o.;· uml II~AsO., J<lllll (or nny nlhcr rclutctl p111rs) nrc equal hy 
I virttiC or' I heir du::mic:al a lid jJh)•sical simillldlics. A I 2.5°C, the lefl-lmnd Iii de nr (.11.5} 
! is Ctltlitl !O I, nml su the cJistrihuiiun cncHidcnt given In ( 11.6) i:; 11 rncusurc o( the 
~ r:~tiu or the solid-stale :1ctiviry cocnidents fur the :ltlliu solution. 
! • • ,,• o • 'I : '• ., 
Kl' llll04:.jN,;, 
= fT~A~~c:}·.; fN'1~: ( II. fa} 
T~c.tlislrihuqn;l ct;crtidcnls h.a.v~ hccn Jl~casurcd uvcr the f\!11 n~ngc ~~r.~o~npositions _ /_.,. . .-
(HI I. nnd nrc equal loll. lJ!J(5 ). !Ius value IS rcnlly equal In untty amllhus Ills upparcnt V 
V'tlwllhc solid :;nlulion he haves ideally .lluwcvcr. two CIIVCUis need to he mentioned .. I 
I 
·' 
' Firsi. the end-mcmhcrs nrc isostrucltlral hul liCit isurnnrplrntts. Pyromorphite i~ 
ht~Jwgonnl, !;pace group /'fl.Jm, and miuactilc is monudinic, st~ncc -group/'2 1/b .. The 
stnrcttJ'rcil nrc dmcly rclntcd, huwcvcr, ·nnd dc:-;pilc this·formi•lsymmctry·di:ainc· 
liUII, it is clear that the latliCCS of the :;ulid SnluliUIIS rcllcc\ lllC IIVlli(ahitlly ·nf !he \ 
pho:-.plmt~ unci nrsctullt: ion in solutions l'rn111 which lilt! :mild plmsc!ll'l'ystalllt.I!.'Thi!i 
is nlsu lnrc nt highc1 jt!IIWI when the IIXO.i"' ious urc c:ou:.itlcrcd; the 11ppruprln1c 
dintrihuliun cocffidcnl is cquullo IU7(J) uv~r I he whol~ :;ulid snlutiun riHl!;C.'"' · 
01 her ~tuhst it ul ions appcm· lu he more limite<!. l~i\rt!ich 11·11 summurizc<l 1 he 
cxlcnl of :;olhll',llutiun ol' the JlYI'CIIliUI'~Ihilc .. tnilllC~itC pnir ill rdntion In Vllllli<l:tnitc 
mad lu.:dyt';'hnnc, (l'h,.Cuh( AsO.,).,CI. lrumn cun:oidcr_ulim.• uf rcporl_cd 111\\lly:~c:.. 'l'hc 
cxlcnls M the varlnu:; !in lid :;ulutiuns 1\I'C :;huwn in Fig. I I .I. Uufmlunulcly, nn 
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l'ift· 11.'1 - lh'l.~imts nf dtcmil':tl Mnhilil)' fur snm~ h-ml ru~rnntc minc111l\ nl 2'/11.2 K. 
ll~tuml:uics :11c i:akuhtlt•ol l'ur 11 l'h1' :n·th·ity nf Ill '· Fichl~. wlu:u~.thcy I'"~~ iluu lhat ul 
minu:tilt', nrc ~hnwn \lith llnlt~:tllim·s. t'hlo•rhl.: ;~c:th·iri.:\ar~· h1•h~·ntcll wilh tC~fll.'t:l h• the 
" · auimo.:tit\'lu:ltlplub (w~: ~~\II. 
tlcliut.'tl iu uuy t~quililu ium nlotlcl. This <'1111 he : ...• diet! with the u~unl cukulllllnns,, 
hut it is 11111 lll!Ct'so;;uy to dcvdup 11 l'UI11 '.:. iu.'ll!.i\'d 'l\.:1 uf.:;m:h p1Hillt1Cicrs here.; 
hidcl'd the cnmph:xily or lhc calt'rol· :; :;:; in \vhal is in cffcc:t n multltliml!nsinnnl 
phat!ol' ,lini•,llllll is lflllltl\hly llllly \'.' \i .. ::tl fur Jtllltkulnr 11\illctitlli:tlil:ldn\ionll rt\4111 
-tlllt! lm·nllty. St11111: t'llkltlalillllli 11: t\ iusu lltll~s huvl! lwl'll14~poatcll'rw· 1wcuutltuy 
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Ch. Ill 1\linl'l'nls l'cmtniuing uthcr oxytuilons 241 
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:tllHIIphc>~••• and the zinc plw:;cs gave hut diffuse X-rnyi diffrnclinn pallcrns. curr~~· 
spomli111~ tu annllll'l' ~ynlhclic layered silicnlc {llJ7j. llc!nimnrphitc has hccn scpttr· 
ntd}' syullwsitc~d in Ill\: lahmalmy hy lhc Iutter wnrkcr~. 
( )(' t:c ~~~~itlcrahly ~~realer CCIIII\lll1k :\ignilkanc:enrc !he\secnrHhlry :;ilicotlC IIIClul:; of 
umuium, which arc also lis&ud in Tnhle 11.11. Lillie ~s knuwn com:erning their 
stahilitics, all.hough rdiahlc :;ynthcsc:; urc iiVailahh: ftlrst¥nc nf the species [IIJK,I \Jr..>j. 
Swhl und Smith (IYHI have prcl:cntc:d n coherent analysi~ qf the structural aspects nf 
this chtss of minerals tlwt ha:; hccn cnulinncd in l_nlcr sl~ttlics (2tltl.201\ which huvc 
al:m nssisH~d in the cstahlishmcnt uf t:utrecl stoh:hiomclr\h!s fur the vnrim1s species. 
Some have unknown st nu.:turcs; uursinitc, huwcv,cr, llPl•H!nn; tu he an analouuc uf 
111 annph:ult'(:~o.lJ. llmnnjlhanc fmr11a1ion frum prinu1r~· tjruniumtuincml's in wcnth· 
c·dng t,tmllilcs has hccn ttiscus:;ctl j:!tnl, lml given the cc~mpmic impun;qu.:e of lhc 
secondary ur·aniurn silicates it wouiJ ;~ppc:1r lhut a 111\tlC thorough sludy. uf the 
chemistry ami stnhility of these specie:~ wuuld he hil;hly d~:;irablc. 
FinHIIy, it ought In he mentioned tlwtsccundary nh.:k.d\liilicnh:s gcncmlcd during 
the weathering of ullrmnalic and malic rock-s have lung hc~n cxplnitetl fnr that mctnl 
j11l•lj. \Vht~n.•as 1~cncral pruccsscs uf latcritiz;rtiun arc fn~rly well undct·stuud, lhc 
mim·ral c.:IH:Iuislry nf all of the nkkd-hcaring. phnsc!l is n~ll.. The lcnn ,1:(/I'Jlit·ritc· h: 
ttSl~d a:;" 'l:utc.:h-all' fur hytlruus nkkcl silicalcli rmmcd uml~!r :;uch circumslnnccs {1}. 
A mm~hcr or diffc&CIII minci·ills are llcluully pn:sclll' ullhnugli tiul Ill! huvc hcun 
rc(.'Cif~"h~t:tl in all knuwn deposits. tmpnrlnnt j1hnscs include Ni-rh:h tuks unll 
chluritcs, the mineralogy nf which is nuw wcll-cslnhli:;hctlj205,106l: Other nickel· 
and <.·uhalf·C<Intnining· congeners h:rvc rcccnt_ly hccn :;uhjcctc<l In more lhomugh 
slitd}' (207. 20BJ. 
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